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A B S T R A C T   
While it is increasingly important to strengthen the existing knowledge base in Africa to adequately respond to 
the rising risks and impacts of climate change on water resources, a significant research gap remains to identify 
areas and mechanisms to cope with these societal challenges. The aim of the paper is twofold: i) to provide 
subject-specific insights by analyzing the current knowledge base in Africa given water-related challenges due to 
climate change, and ii) to offer methodological insights into how a knowledge base can be studied compre-
hensively. This study overcomes the limitations of existing studies by combining two different perspectives, 
namely a thematic focus on six societal challenges and a conceptual focus on five social innovation dimensions. It 
does so by undertaking an innovative qualitative analysis that combines both top-down and bottom-up per-
spectives. Top-down, it explores the extent to which five social innovation dimensions are included and 
addressed in policy agendas and action plans. Bottom-up, it explores the perception of African experts and 
practitioners in how these knowledge gaps should be addressed. The research identifies a strong bias in the policy 
arena towards water security versus other water-related societal challenges. Our research suggests that rather 
than focusing on traditional policy instruments, water-related societal challenges should be addressed by joint 
attention to all five social innovation dimensions. There is a strong call from practitioners and experts towards 
strengthening the existing knowledge base by engaging local realities and local stakeholders and for the 
involvement of business and private sector actors.   
1. Introduction 
Sub-Saharan Africa (hereafter Africa) faces more extreme climate 
variability than other regions of the world (Tatlock, 2006). Climate 
change effects are disproportionately impacting the continent through, 
for example, changing rainfall patterns, floods, and droughts. These 
events have severely affected local and vulnerable communities, and 
their economic activities and livelihoods (Cohn et al., 2017). Low 
quality of information on the availability of water resources further 
complicates forecasting future conditions, which are crucial to guar-
antee water, food, and energy security in the region. Non-climate related 
drivers of water-shortage and pollution, such as growing population, 
conflicts, and local tensions, represent additional challenges in meeting 
both water and non-water targets as defined in the 2030 and 2063 
developmental agendas (UNESCO and UN-Water, 2020). This situation 
is aggravated by insufficient and unequal existing physical 
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infrastructure undermining Africa’s capacity to face these current and 
upcoming water-related challenges (Tatlock, 2006). 
Insufficient governance-related skills and the wide-spread institu-
tional fragmentation within Africa present substantial obstacles to 
address water-related challenges and to ensure availability and sus-
tainable management of water and sanitation for all, as well as other 
water-related aspects (Pacheco-Vega, 2015). The lack of effective syn-
ergies between policy, research, the private sector, and the civil society 
in Africa poses obstacles to effectively transfering relevant knowledge 
and technologiesy. It is difficult to accomplish market uptake and pro-
vide solutions for these pressing water-related problems (Conway, 2011; 
Crick et al., 2018; Holdsworth et al., 2015; Hughes et al., 2015; Mertz 
et al., 2011; Weisser et al., 2014). The fruitful interaction among these 
relevant stakeholders is of central importance when trying to generate, 
increase, and exchange knowledge and innovation. This is needed to 
address the demands for workable, practical solutions (Domanski et al., 
2020) within the constraints of African countries. It is, therefore, 
increasingly important to strengthen the existing knowledge base in 
Africa, to adequately respond to the rising risks and impacts of climate 
change on water resources. 
The core issues and levers of change in terms of knowledge for ca-
pacity development include research supply and demand linkage 
mechanism, knowledge-sharing tools and mechanisms, as well as brain 
gain and retention strategies (UNDP, 2010). Strengthening the existing 
knowledge base starts with knowing its strengths and weaknesses. Most 
studies on knowledge gaps focus on one particular research field (e.g., 
Hughes et al., 2015), country (e.g., Conway and Schipper, 2011), sector 
(e.g., Holdsworth et al., 2015), or adaptation strategy (Makate, 2019), 
often culminating in generic statements about Africa being vulnerable to 
impacts of climate change. A notable exception in these isolated ap-
proaches is Conway (2011), who reviews Africa’s climate research and 
uptake in decision-making. Based on a literature review and consulta-
tion of over 40 experts, Conway (2011) concludes that the existing ca-
pacity for climate research is low, with a minimal reflection on how to 
approach capacity strengthening most effectively. Therefore, a signifi-
cant research gap remains to identify areas and mechanisms to 
strengthen a knowledge base to cope with societal challenges. Our study 
addresses this gap by presenting an investigation of the extent and 
strength of the implementation of five dimensions as mechanisms to 
strengthen the existing knowledge base among water-management 
related stakeholders in Africa. 
Our research is situated within broader debates on long-term 
research and innovation initiatives towards sustainable development. 
It overcomes the limitations of siloed approaches of existing studies by 
combining two different perspectives. On the one hand, a thematic focus 
on societal challenges and, on the other hand, a conceptual focus on 
social innovation dimensions. For the thematic focus, our research un-
derstands water-related societal challenges as those challenges for the 
water sector in Africa that arise from climate change and have society- 
wide consequences for the management of water resources. We adopt 
the six water-related societal challenges identified by Wehn et al. (2018) 
in their document, rhetorical, and discourse analysis of 28 documents, 
reflecting mostly strategy and cooperation programs of international 
organizations (e.g., The World Bank, FAO, IFAD, UNEP, and UNDP). 
These water-related societal challenges are, namely, water security, food 
security, energy security, public health, ecosystem management, and 
water-energy-food nexus. 
For the conceptualization of social innovation, we are harnessing a 
sociological and economic interpretation of social innovation (e.g., Ruiz 
Viñals and Parra Rodriguez, 2015). This conceptualization recognizes 
that innovation not only aims to address social needs and challenges, but 
in doing so, could alter innovation systems and, therefore, knowledge 
bases. In other words, social innovation promotes changes by strength-
ening existing structures (e.g., governance reforms), their focus (e.g., the 
inclusion of entrepreneurs and local stakeholders), rules of interaction 
(e.g., the involvement of end-users), and outcomes (e.g., coping with 
societal challenges). We define social innovation as the processes and 
outcomes motivated by societal goals, focusing on unsatisfied collective 
needs or societal returns. More specifically, we define social innovation 
as consisting of distinct dimensions, namely technology, capacity 
development, governance, interaction process, and the creation of 
business opportunities. The technological dimension refers to the 
application of scientific or engineering knowledge for practical purposes 
(e.g., technologies to monitor and test water quality). Technological 
innovation must be accompanied by social change and by policies 
(Estrada and Pacheco-Vega, 2009). It should ensure social acceptance 
and success in addressing water-related societal challenges through 
positive shifts and behaviors and actions of individuals and communities 
(Osterwalder and Pigneur, 2010). Capacity development is the process 
through which individuals, organizations, and societies obtain, 
strengthen, and maintain capabilities to set and achieve their objectives 
(UNDP, 2010). It is an inherent responsibility of people and societies 
themselves in which support by external parties can play an important 
role (Vallejo and Wehn, 2016). Governance is an important dimension in 
bringing social innovation into policy frameworks and public policies 
(Pacheco-Vega, 2014). It refers to the processes and institutions through 
which decisions are made. Structures explain how societies are orga-
nized (e.g., who is involved in decision-making, what are their roles and 
responsibilities). Arrangements can be (i) vertical or hierarchical, (ii) 
horizontal or non-hierarchical, or (iii) polycentric, horizontal and ver-
tical coordination, and overlapping (Carlisle and Gruby, 2017). During 
different stages of an innovation process, there are interactions between 
providers of knowledge or solutions, and potential users of these solu-
tions to ensure that common ground is created for co-production of 
knowledge (Voorberg et al., 2015) from the comprehension of the need, 
to the design, implementation, and use of innovative knowledge. 
Interaction processes are crucial for social innovations to ensure that all 
relevant stakeholders and ideas are involved from the start through to 
adaptation and upscaling. Finally, social innovation is accompanied by 
social benefits as well as opportunities for (new) businesses to address 
unmet social needs. These can be explored in different stages of an 
innovation process, and business roadmaps or prizes can portray and 
accelerate how firms can profit from capitalizing on innovation. 
The paper examines the phenomenon of water-related challenges 
arising from climate change at a higher level of abstraction and 
administration. The study seeks to identify generic aspects that apply 
across regions and countries, and as such, are nevertheless valuable 
within varying African contexts. The aim of the paper is twofold: (i) to 
provide subject-specific insights by analyzing the current knowledge 
base1 in Africa given water-related challenges due to climate change via 
a social innovation perspective and (ii) to offer methodological insights 
into how a knowledge base can be studied comprehensively. It does so 
by undertaking an innovative qualitative analysis that combines both 
top-down and bottom-up perspectives. Top-down, it explored the extent 
to which the five social innovation dimensions are included and 
addressed in policy agendas and action plans. Bottom-up, it explores the 
perception of African experts and practitioners on the relevance of 
incorporating these dimensions in building the necessary knowledge 
base to address water-related societal challenges. 
The remainder of this paper is organized into four sections. Section 2 
describes the methodology applied and the data used in the study. This is 
followed by Section 3, which presents the results of the analysis. Section 
4 discusses the main findings and the relevance of the methodology. 
Section 5 presents the main conclusions of the study, along with policy 
1 There are different theoretical conceptualizations of a knowledge base, or of 
the related concepts of innovation systems which have been applied at local, 
regional or inter-regional levels. This research is based within these debates, 
and as such the knowledge base term can be usefully applied in the African 
context as well, notwithstanding the cultural, social, economic, geographical 
and climatic differences in different African countries and regions 
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recommendations and future research opportunities. 
2. Methodology and data description 
This study is the result of a collaborative effort by eight coauthors, 
half of them African authors based in Africa, and the other half, Euro-
pean authors based in Europe. The research combined desk research, 
interviews, and online empirical research to capture both top-down and 
bottom-up perspectives on gaps in the knowledge base and on which 
social innovation dimensions need to be strengthened to address water- 
related societal challenges in Africa. 
The research builds on the intersection of two different approaches. 
First, it identified those water-related societal issues addressed by rele-
vant African research and innovation agendas and policy documents. 
The analysis of these agendas and action plans identified which social 
innovation dimensions were addressed in their texts. The analysis also 
identified water-related societal challenges not addressed by the 
examined agendas. Second, the research analyzed bottom-up perspec-
tives by tapping into the perception of African experts (through in-
terviews) and practitioners (via an online survey) on existing knowledge 
gaps in current agendas and actions, addressing water-related societal 
issues. Through the interviews and online surveys, the researchers 
Table 1 
Geographical coverage of agendas or action plans.  
No. 
agendas 
Issuing organization & regional focus of agenda Reference 
North Africa (4) 
2 Partnership for Research and Innovation in the Mediterranean Area (PRIMA) PRIMA (2014, 2017) 
1 Ministry of Energy, Mines, Water, and Environment, Morocco Ministry of Energy (2014) 
1 UN-ESCWA - Sudan UN-ESCWA (2016) 
East Africa (13) 
1 East African Community East African Community (2016) 
4 Kenyan government (incl. Ministry of Water and Sanitation, National Treasury and 
Planning Office); Tokyo International Conference on African Development – 
conference statement (Kenya) 
Ministry of Water and Sanitation (2018), The Republic of Kenya (2016), The 
National Treasury and Planning (2018), TICAD (2016) 
1 UNCTAD (Rwanda) UNCTAD (2017b) 
1 Republic of Djibouti Djibouti (2015) 
1 Ethiopian government (incl. Ministry of Science and Higher Education) MSHE (2010) 
1 Ministerio da Ciencia e Tecnologica, Mozambique Conselho de Ministros (2006) 
1 Ministry of Water & Environment, Uganda Ministry of Water and Environment (2018) 
1 Ministry of Communication, Science and Technology, Tanzania Ministry of Communication (2010) 
1 Zambia – Ministry of Tourism, Environment, and Natural Resources Government of the Republic of Zambia (2011) 
1 Government of Zimbabwe MSTD (2012) 
West Africa (13) 
1 Ministry of Water & Sanitation, Burkina Faso Ministere de l’eau et de l’assainissement (2016) 
1 Republic of Cape Verde Ministerio das Financas (2018) 
2 Gambian Ministry of Higher Education, Research, Science and Technology; 
UNCTAD 
MoHERST (2013); UNCTAD (2017a) 
2 Ghanean government (Environmental Protection Agency, 
National Development Planning Commission and the Ministry of Finance; Ministry 
of Environment, Science, Technology and Innovation) 
EPA-Ghana (2018); MESTI (2017) 
1 Republic of Liberia EPA-Liberia (2018) 
1 Ministere de la Recherche Scientifique Mali MRS (2017) 
1 OECD Buclet and Essayie (2013) 
2 Nigerian government (incl. Ministry of Science and Technology) FMST (2012; 2018) 
1 Université Chiek Anta Diop de Dakar & TIPC, Senegal Fatou et al. (2019) 
1 Directorate of Science, Technology and Innovation, Sierra Leone DSTI (2019) 
Central Africa (4) 
1 République Gabonaise Republique Gabonaise (2012) 
1 Ministry of Economy, Planning and Regional Development, Cameroon MINEPAT (2009) 
1 République du Tchad, présidence de la république 
Ministère de l’éducation nationale 
Et de la promotion civique 
MENPC (2019) 
1 Republic of Angola, Ministry of Planning Ministerio do Planeamiento (2007) 
Southern Africa (22) 
8 Southern Africa Development Community (SADC) SADC (2003; 2008; 2011; 2012a; 2012b; 2015a; 2015b; 2016) 
1 Water Research Commission, Dept. of Science and Technology, and Dept. of Water 
and Sanitation 
WRC, DST and DWS (2015) 
9 South African government (incl. Dept. of Environmental Affairs; Department of 
Science & Technology; Dept. of Environmental Affairs, SANBI, GIZ, Biodiversity for 
life) 
Department of Environmental Affairs (2013a; 2013b; 2014; 2016; 2017); S. A. 
Department of Environmental Affairs et al. (2015); Department of 
Environmental Affairs (2012); Department of Science and Technology (2015);  
DST (2018); SANBI (2018) 
1 Kingdom of Eswatini Prime Minister’s Office (2018) 
1 COMESA, SADC, AU COMESA et al. (2011) 
1 Energy Water Sector Education and Training Authority (EWSETA) EWSETA (2016) 
1 European South African Science and Technology Advancement Programme - 
ESASTAP Plus 
ESASTAP Plus (2015) 
Africa (continental) or multiple African regions (8) 
3 African Union African Union (2014, 2015); African Union (2019) 
1 African Union and the African Development Bank African Union Commission and African Development Bank (2016) 
2 Africa-EU Partnership African-EU partnership (2016; 2017) 
1 Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services IPBES, 2018aIPBES (2018a, b) 
1 International Council for Science – Regional Office Africa ICSU (2015) 
N¼64 Note: Classifications of countries according to five UN subregions. 
Source: Elaborated by the authors 
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recorded the respondents’ perception of barriers, knowledge gaps, and 
suggestions (ideas) on how to address the current challenges. In the 
following subsections, we present the details of the data collection ef-
forts (top-down and bottom-up) and the analysis of the resulting data 
set. 
2.1. Top-down approach: analysis of research and innovation agendas 
The top-down approach of the research consisted of the identifica-
tion, through desk research, of official documents issued by African 
ministries and governmental agencies presenting research and innova-
tion agendas. These agendas were searched online in Q3 2018 and in 
Q3/2020 (through Google), including policy documents, strategic 
agendas, roadmaps, vision documents, future-oriented policy docu-
ments, and research programs, in English, French, and Portuguese. The 
selection criteria required that the content of the papers linked future 
research and innovation to climate change and water. An ‘African 
perspective’ was kept in mind while selecting materials, focusing on 
those documents prepared by African entities or targeting African re-
gions. Additionally, to the online search, we were provided with some 
additional and relevant agendas by the experts after the interviews. A 
total of 69 agendas were collected. 
Agendas were removed from the sample if they (i) were outdated; (ii) 
they were replaced by a recent version; (iii) they did not explore climate 
change impact; (iv) only focus on trends (i.e., Future Climate Projections 
for Malawi); and (v) did not focus explicitly on Africa (e.g., Water 
Innovation Research, Global Climate Action Summit, Sustainable 
Development Agenda 2030). After the final selection, 64 agendas fitted 
the requirements of the study. 
The 64 research and innovation agendas were produced by 47 
different organizations and cover different regions of Africa. The 
research is framed within the African context and therefore covered its 
different regions. Table 1 presents the geographical coverage of the 
agendas or action plans analyzed, as well as the authoring organization 
and the regional focus of the agenda. 
The documents were analyzed, adopting a systematic method to 
identify, select, and critically appraise the materials, allowing for a 
replicable, scientific, and transparent process. First, all the documents 
were screened by searching for a combination of keywords in the text. 
Second, two judges identified whether the selected materials address 
water-related societal challenges (dummy variable with yes = 1, and no 
= 0). Third, the content of the documents was screen using keywords 
concerning the five social innovation dimensions. Table 2 presents the 
keywords used in each step of the procedure.2 
2.2. Bottom-up approach: semi-structured interviews 
The first step in the bottom-up approach was the administration of 
semi-structured interviews with ten senior experts from an extensive 
Africa-Europe network of networks in climate change and water issues. 
The participants were selected following three criteria: (i) an expert with 
a broad perspective on water and climate issues in Africa, and (ii) 
knowledge of ongoing research and innovation initiatives. Ten senior 
officials (six from Africa and four from Europe) were interviewed on 
their perception and understanding of factors enabling or constraining a 
long-term knowledge base. The interviews were conducted in the 
respective working language of the officials, namely English or French. 
Seven different interviewers conducted the interviews; therefore, a 
detailed protocol was produced and implemented with specific activities 
for before, during, and after the interviews. The results of the interviews 
were classified into three major themes: (i) innovation agendas and 
networks, (ii) knowledge areas insufficiently addressed, and (iii) ex-
perts’ recommendations. The expert’s recommendations were analyzed 
using Atlas Ti. Open coding was applied to highlighted paragraph seg-
ments or phrases. An analysis of word frequency allowed comparing the 
results from the survey with those from the experts’ interviews. 
2.3. Bottom-up approach: online survey (call for ideas) 
An online survey, or “Call for Ideas,” was designed and promoted 
through social media (i.e., Twitter, LinkedIn, and Facebook), through 
the Africa-Europe ‘network of networks’ website, and river basin orga-
nizations and service providers. The survey contained five items to 
capture background information of the respondents and their organi-
zations. One 5-point scale question (0 = no gap, 1=slight gap, 
2=moderate gap, 3=significant gap, and 5 = I do not know) captured 
the extent of knowledge gaps, and five more scaled questions captured 
the nature of the knowledge gaps (in terms of societal dimensions) 
within each of the societal challenge areas. Two open-ended questions 
asked for ideas on how specific knowledge and capacity gaps could be 
reduced. One open question requested information on relevant research 
and innovation agendas for the African water sector. The final question 
sought feedback and additional thoughts. 
After an extended deadline, 81 water experts from Africa (69 %), 
Europe (26 %), and other regions (5%) responded to the survey. 
Open-ended questions were categorized as related to a societal 
challenge or a social innovation dimension following the same meth-
odology as the agenda documents. Incomplete questionnaires, repeated 
ideas, and responses with only one or two words with no context were 
removed from the sample (e.g., mentions of ‘researchers,’ ‘training and 
Table 2 
Keywords used in the search.  
First screening Water-related 
societal issues 
Social innovation dimensions 
“climat*” Yes = 1 “technolog*” 
“water” 


















Location of organization   
Europe 40 % 26 % 
Africa 60 % 69 % 
Other regions  5 % 
Type of organization   
Governmental (incl. basin, local, regional, 
and national authorities) 
40 % 28 % 
Service providers  14 % 
International organizations  6 % 
Academic/research/knowledge brokers 40 % 36 % 
Civil society 20 % 11 % 
Others  5 % 
Years of experience in the field   
Less than 5 40 % 21 % 
Between 5 and 15  32 % 
More than 15 20 % 47 % 
N¼ 10 81 
Source: Elaborated by the authors. 
2 The French and Portuguese translations of these keywords were used for the 
documents in these languages, respectively. 
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education,’ ‘innovations’). After cleaning the data, 105 ideas were 
identified. The ideas were coded using the codes of the interviews, 
adding additional codes when required. The codes were classified into 
five social innovation dimensions. 
2.4. Description of interviews and survey participants 
Table 3 presents the demographics of experts and online survey 
participants. Junior and senior professionals formed the sample, which 
included representatives from different sectors, namely academics, 
government officials, private sector representatives, and civil society 
representatives. About 80 % of the sample were professionals with more 
than five years of experience in the field. 
As illustrated in Table 4, there is a strong representation of Southern 
Africa in the agendas and the interviews, and while West and East Africa 
have more online survey participation. 
3. Results 
The research results presented in this section elaborate on the extent 
to which the five dimensions enabling social innovation to address so-
cietal challenges are adequately addressed (according to the perception 
of the participants) to strengthen the required knowledge base to allow 
for societal transformation and programmatic responses. 
3.1. Knowledge-gap in water-related societal challenges 
The document analysis indicates that from the six identified water- 
related societal challenges, water security was missing in only 22% of 
the agendas analyzed. In contrast, the water-energy-food nexus was 
absent in about 81% of the sample. 
About half of the survey participants considered that there is a sig-
nificant knowledge gap in most of the water-related societal challenges. 
About 57 % of the respondents deemed the existing knowledge to face 
water-energy-food nexus societal challenges significantly insufficient. 
Although water security is addressed by 78% of the agendas, 48% of 
practitioners perceived knowledge gaps in addressing these issues, 
particularly regarding groundwater, water storage, and use. 
The interviewed experts acknowledged knowledge gaps in most of 
the water-related societal challenges. They ratified the sharper focus on 
water security by existing action plans and agendas. In their perception, 
the agendas’ primary focus is on surface water, giving little attention to 
underground water issues, as well as to other water-related societal 
challenges. 
The results presented in Table 5 indicate that the survey respondents 
perceived knowledge gaps for all water-related societal challenges and 
that most water-related challenges, except for water security, are not 
adequately addressed in the agendas. 
3.2. Knowledge-gap in social innovation dimensions 
The results of the online-survey generated a total of 105 knowledge 
bridging ideas, emphasizing interaction processes, governance structures, 
and capacity development as the most relevant social innovation di-
mensions to address these gaps. Fig. 1 indicates that interaction pro-
cesses were the most frequently identified dimension to address 
knowledge gaps by both survey respondents and experts. Governance 
structures are another strongly advised channel to address knowledge 
gaps by both sources of informants. Due to the African setting, which is 
characterized by a large rural population, as well as by a high level of 
informality in the economy, it is not surprising that capacity develop-
ment was also identified as a relevant modality to address knowledge 
gaps. Business processes and technology were the dimensions with less 
consideration by the survey respondents and the interviewed experts. 
3.3. Causes for knowledge gaps 
The survey respondents recognized that awareness of climate change 
and water security issues is low among local stakeholders and 
acknowledged significant knowledge and capacity gaps to face 
water-related societal challenges. The expert interviews also highlight 
perceived weaknesses in the existing knowledge base (Interview 4, 8, 
9, 10). The online responses indicated a lack of human capital in diverse 
thematic areas, such as groundwater, WASH, wastewater treatment, and 
the need to engage locally during the development of water technology, 
research, and innovation. 
The survey participants recognized the need for an enabling 
ecosystem at the institutional level and associated its low develop-
ment with the lack of [grassroots] entrepreneurship or entrepre-
neurial participation. The expert interviews indicated inadequate 
capacity in ‘water-technopreneurship’ (Interview 8) and a lack of pri-
vate investment (Interview 9), which are needed to establish efficient 
business roadmaps. 
A significant challenge in natural resource management is the 
Table 4 





North Africa 6.3 %  5 % 
East Africa 20.3 %  21 % 
West Africa 20.3 %  25 % 
Central Africa 6.3 %   
Southern Africa 34.4 % 50 % 17 % 
Africa (continental) or 
multiple African regions 
12.5 % 10 % 1 % 
Europe or others 0 % 40 % 31 % 
N¼ 64 10 81 
Source: Elaborated by the authors. 
Table 5 
Perception of gaps in agendas addressing water-related societal challenges.  
Water-related 
societal challenge 
% of agendas not 
addressing the issue 
% of survey respondents 
identifying a significant K-gap 
Water security 22 % 48 % 
Food security 42 % 41 % 
Energy security 39 % 43 % 
Public health 315 % 37 % 
Ecosystem 
management 
48 % 54 % 
Water-energy-food 
nexus 
81 % 57 % 
N¼ 64 81 
Source: Elaborated by the authors. 
Fig. 1. Frequency of responses regarding social innovation dimensions (in 
percentages). 
Source: Elaborated by the authors with information from the surveys 
and interviews. 
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existence of different service provider levels (i.e., national, regional, and 
local) and frequent dysfunctionality, perceived to result in marked dif-
ferences in the provision of services to local communities and misplaced 
priorities. The expert interviews indicated a lack of cooperation, coor-
dination, and collaboration among different national decision-making 
entities (Interview 9), and the need for coordination to establish a sus-
tainable roadmap (Interview 9). The survey responses point to weak 
information flows, resulting in misinformed decision-making. Many 
respondents acknowledged the obsolescence of existing policies, which 
need to be modified and ‘upgraded’ according to international standards 
and following best-practices guidance. Various gaps in technology 
development, as well as in research and innovation, were acknowl-
edged by the survey respondents, identifying technology as the foun-
dation for development. In some cases, current legislative frameworks 
were perceived as a barrier to the implementation and acquisition of 
[foreign] technology. 
Although financial constraints were not explicitly mentioned in the 
online ideas, the expert interviews identified them as a barrier pre-
venting to address existing knowledge gaps (Interview 4, 5). Financial 
constraints were deemed to affect not only the further development of 
the private sector but also the performance of public entities (Interview 
9). 
3.4. Knowledge bridging ideas and impressions 
After coding the text of the 105 ideas collected via the online survey, 
and the responses of the ten expert interviews, we identified several 
recurrent concepts or idea clusters. The idea clusters recognized in the 
answers are grouped according to the five social innovation dimensions 
(see Table 6). 
3.4.1. Technology 
The adoption of smart technologies such as data loggers, intelli-
gent pressure valves, GIS data, and mapping is seen as crucial for facing 
societal challenges. Survey respondents identified the capacity build-
ing, training, and education of local stakeholders in the use of these 
technologies as essential to narrow existing knowledge gaps. Sugges-
tions included the promotion or creation of technology hubs focusing 
on generating local or adaption technology to address local needs. The 
dissemination of findings by local universities or research organi-
zations is deemed necessary to create awareness and interest among 
younger generations. Notably, no technology-related issues were 
mentioned in the expert interviews. 
3.4.2. Capacity development 
According to the survey’s respondents, capacity building and ed-
ucation are essential strategies in reducing the existing knowledge gap. 
The responses of the online survey and the expert interviews indicate the 
need to strengthen institutional capacity and to foster a critical mass 
of competent people to address these gaps. Experts recognize that 
previous and current efforts in training and capacity development 
have been an essential driver of development in the region and instru-
mental in strengthening capacity among public agencies and policy-
makers (Interview 5). 
Suggestions provided by the survey respondents ranged from na-
tional to local activities. Traditional North-South knowledge transfer 
activities, such as exchange visits, seminars, workshops, and capacity 
development projects, were suggested as a means to enhance and 
strengthen the existing knowledge base. The experts indicate a need for 
more education in water-related issues at all levels of society (interview 
8). The need for local training was recognized by many of the survey 
respondents, as it allows to strengthen capacity in local matters and 
close consultation with affected parties and local stakeholders. The need 
to enhance capacity related to the management of water resources is also 
mentioned in the online survey. Aiming to raise national awareness and 
participation in facing water-related societal challenges, some survey 
respondents suggested the incorporation of water issues and pro-
fessionals in all areas of national production, such as agriculture, 
manufacturing, energy, and public management. Others proposed to 
include water management in the curricula of all education levels from 
elementary school, as well as the need to implement water education in 
local dialects and communities. 
3.4.3. Governance structures 
Governance-related issues, including the coordination of infra-
structure investment, were identified by several survey respondents as a 
critical element to preserve available natural resources. The relevance of 
good governance and the continuous involvement of implementation 
partners such as NGOs were argued to be a pre-condition for facing 
water and food security challenges. Engagement of the different deci-
sion- and policy-making levels and stakeholders is deemed necessary to 
engage in active international cooperation. 
Diverse policy issues have also been mentioned in several survey 
responses. The survey indicates the need to implement policies pro-
moting or incentivizing efficient use of energy and resources, and not 
just seeking voluntary change in the population’s habits and practices. 
To this end, fiscal policy instruments were suggested by the survey re-
spondents. Capacity building in the policy-making spheres links to the 
governance issues addressed above. The respondents identify the need 
to inform policymakers on research and scientific findings to feed policy- 
making with both local needs and solutions. 
The lack of groundwater regulation was highlighted in both the 
expert interviews and online survey responses. More generally, limited 
attention to groundwater was lamented by both groups of participants, 
as they claim that government priority across Africa focuses mostly on 
surface water. These results suggest a low priority of climate change- 
related issues in African policy-making, as well as several capacity 
constraints of the water sector in the continent. 
3.4.4. Interaction processes 
Interaction and engagement with local stakeholders were 
mentioned frequently in the online survey as an element to address 
existing knowledge gaps. The interviewed experts criticized existing top- 
down interaction approaches to face current knowledge challenges 
(interview 9). The survey responses highlight the need for ownership by 
local institutions or organizations when engaging in capacity building 
exercises regarding climate change, risk, and vulnerability assessments. 
The experts indicate the need for organizations, such as SADC, to take 
ownership and roll out a roadmap on how to integrate different 
governmental offices towards addressing water-related issues (Interview 
9). 
The survey respondents emphasized the importance of locally 
grounded thinking, involving the public to participate in small-scale 
projects and gaining ownership and awareness of the likelihood of 
changes in their areas or territories. The survey responses suggest a 
bottom-up community-based approach, which implies identifying 
Table 6 
Idea clusters per social innovation dimension.  
Social innovation dimension Idea clusters 






Enabling the ecosystem 
Governance 
Policy and regulatory environment 
Interaction processes 
Stakeholder interaction 
Addressing local needs and actions 
Sharing platforms 
Local stakeholders involvement 
Business processes Grassroots projects and local incubators 
Source: Elaborated by the authors. 
U. Wehn et al.                                                                                                                                                                                                                                   
Environmental Science and Policy 116 (2021) 292–300
298
local needs, acting locally, learning from similar [international] case- 
studies, but designing local practical solutions involving local 
stakeholders, including minorities and marginal communities. The 
interviewed experts reinforce this suggestion by indicating the lack of 
local models and solutions and the need to bridge existing knowledge 
with the local context (interview3,5,10). 
Interaction and sharing platforms were also modalities mentioned 
by the survey respondents in addressing the existing knowledge gap. 
These suggestions include the promotion of a web-based water tech-
nology knowledge platform to enhance knowledge sharing and tech-
nology transfer. The responses indicate a strong preference for public- 
private partnerships and alliances to strengthen capacity and the need 
to be part of peer networks rather than top-down approaches, mainly 
North-South paths. There is a perceived necessity for transparency in 
established partnerships or alliances. The survey respondents call for a 
higher level of interaction between user-producers, involving re-
searchers, SMEs, and local stakeholders (at the community level). The 
survey respondents suggest the formation, strengthening, and partici-
pation of scientific councils. 
3.4.5. Business opportunities 
The African private sector is not perceived as strong (Interview 3), 
and its involvement in water-related issues in minimal (Interview 3). 
There is a lack of technical knowledge (Interview 9) and a need for 
coordination between government entities and existing private sector 
actors (Interview 9). According to the survey participants, there is a 
strong need for real incentives for local businesses and innovators to 
target societal challenges from a local perspective. 
According to the survey respondents, a local vision is often missing 
in research and innovation projects, calling attention to the urgent need 
to involve local actors and promote grassroots projects or local in-
cubators. The interviewed experts also highlighted the need for the 
involvement of local actors in climate change adaptation (interview 3) 
and local incubators and grassroots projects (interview 5). Local 
incubators are considered by the survey respondents as a tool to pro-
mote entrepreneurship and ownership in rural areas. 
The survey respondents stated that reliance on science as the single 
source of innovation is too limiting and that more interactions are 
required between users and sources of solution providers such as en-
trepreneurs. Moreover, among the submitted ideas, several touched 
upon business-related aspects, signaling that an enabling environment 
for business and private sector activities is on the radar of water and 
climate professionals. 
The results of the detailed analysis of the survey ideas and the expert 
interviews on how to address knowledge gaps in water-related societal 
issues are presented within the five dimensions of social innovation (see 
Table 7). 
4. Discussion of findings 
Our research provides subject-specific insights into the knowledge 
base to face current water-related societal challenges. According to the 
experts and survey’ respondents, not a single societal challenge is 
adequately addressed in practice. From the six societal challenges, water 
security is the most addressed challenge. However, in the perception of 
experts and practitioners, there are still knowledge gaps to be addressed, 
particularly in water use and storage. Water security discussions have 
been pushed forward in various policy fora of the World Bank, the 
Global Water Partnership, and the OECD for some time already, and they 
have been highly influential in countries like Kenya, Ethiopia, and South 
Africa (Zeitoun et al., 2016). This may explain the most considerable 
attention paid to this challenge. 
Our research repeatedly identified elements of interaction processes, 
governance structures, and capacity development as the main social 
innovation dimensions contributing to strengthening the existing 
knowledge base to face water-related societal challenges while taking 
into consideration the local characteristics of African countries. Experts 
and practitioners consider governance structures as a relevant social 
innovation dimension in addressing all water-related societal changes, 
with the notable exception of food security. Interaction processes are 
highlighted when addressing water security and energy security issues. 
Local community engagement and the acknowledgment of traditional or 
local knowledge are of vital importance if we are to engage local 
stakeholders in these changes (Gomez Baggethun et al., 2013; Ott, 2017; 
Voorberg et al., 2015). Capacity development of policy makers and 
implementers is seen as a relevant dimension in strengthening knowl-
edge in food security and public health. Elements related to technology 
and business opportunities have received less attention in the ideas and 
suggestions to address knowledge gaps. Another critical aspect of 
building capacity and strengthening the knowledge base is the 
involvement of the (formal and informal) business community. There-
fore, the creation of business opportunities is an additional critical 
dimension that should be included to generate a strong knowledge base 
that allows the connecting and scaling-up of social innovation processes 
to address water-related societal challenges in Africa. 
Experts and practitioners perceive high mobility of experts from 
relevant public institutions; in their perception, public stakeholders are 
not retaining their experts and competent personnel, resulting in a 
search for consultants and entrepreneurs with the required skills and 
area knowledge outside their institutions. This phenomenon provides a 
relevant insight in understanding the knowledge gap in water-related 
sectors in Africa. The marginal correction of market failures achieved 
via a social innovation approach will only scale up if we can direct it 
towards more significant results using a systemic lens. Our research 
confirms the relevance of jointly implementing the five dimensions of 
social innovation to tackle societal challenges. We state that imple-
menting all of these five dimensions would allow for new patterns of 
stakeholder involvement and learning through organizational, sectoral, 
and disciplinary cross-boundaries, allowing to strengthen the existing 
local knowledge and to contribute to narrowing the current knowledge 
gaps in addressing water-related societal challenges in Africa. 
Our results identify insights that should be taken into consideration 
in innovation policies to enable the environment to address effectively 
water-related societal challenges. In this respect, the results provide the 
basis for practical guidance for African policymakers and water practi-
tioners on the critical dimensions of social innovation that are required 
Table 7 




Main ideas suggested Social innovation dimensions 
suggested 
Water security Research on water storage 
schemes and water (re)use 
Interaction processes, 
governance structures 
Food security Rural incubators and 
promotion of the use of 
surface water mobilization 





Energy security Incorporation of water 
professionals in energy 





Public health Creation of water technology 








Protective legislation and an 
African capacity development 





Research linked to 






Source: Elaborated by the authors. 
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to generate an enabling environment to strengthen knowledge bases. 
Our study argues that although water security receives much attention 
in policy agendas and action plans, other interlinked challenges, such as 
water-food-energy security, are not adequately addressed. This reflects 
the weak linkage capabilities of the existing system. 
We find that despite a wide range of climate change-related impacts 
for water resources in Africa, current strategic directions and stake-
holder perceptions of the knowledge base seem to place a primary focus 
on water and food security. 
Our study has also generated methodological insights into how a 
knowledge base can be studied. Strengthening the existing knowledge 
base in Africa to adequately respond to the rising risks and impacts of 
climate change on water resources requires working the intersection of 
the supply and demand for innovations whereby the complexity of the 
challenges implies that market mechanisms or signals are not sufficient 
or not working well. It requires a comprehensive approach that tran-
scends siloes (e.g., thematic, geographic, specific stakeholders), yet at 
the same time remains practical. In this study, we have proposed and 
tested an approach that combines a thematic focus on societal challenges 
and a conceptual focus on social innovation dimensions; and we used 
this framing to generate and analyze data via a combined top-down and 
bottom-up approach. The top-down approach identified national and 
continental knowledge building and strengthening strategies (i.e., the 
policy perspective) with a bottom-up approach highlighting the gaps in 
these initiatives from the perspective of practitioners and experts. 
Overall, the strength of this methodology is that it provided a systematic 
yet pragmatic approach for identifying and analyzing gaps in a knowl-
edge base for specific societal challenges. Nevertheless, it is reliant on 
the availability and participation of experts and practitioners to share 
their perceptions via interviews and an online survey, and such bears an 
inherent danger of bias. This could be addressed through a compre-
hensive promotion and intensive engagement of relevant networks and 
stakeholders. Moreover, it is expected that future implementations may 
receive higher response rates due to the increased uptake of ICTs during 
the COVID-19 crisis that have accelerated online engagement in many 
spheres of professional interactions. 
5. Conclusion 
This study presented an investigation into the knowledge base that is 
required to address water-related societal challenges in Africa because 
of climate change. Our qualitative analysis of both top-down and 
bottom-up perspectives is based on a combined thematic focus on so-
cietal challenges and a conceptual focus on social innovation di-
mensions. The subject-specific insights indicate that research and 
innovation efforts are focused on gaps related to capacity development, 
governance structures, and interaction processes. These traditional 
innovation dimensions are raised in the policy agendas and action plans. 
Other social innovation dimensions, such as technology and business 
opportunities, seem to be overlooked. Our research suggests that rather 
than focusing on traditional innovation policy aspects, water-related 
societal challenges should be addressed through the lenses of all five 
social innovation dimensions. There is a strong call from practitioners 
and experts towards strengthening the existing knowledge base by 
engaging local realities and local stakeholders, as well as for the 
involvement of business and private sector actors. 
The research opens a window of opportunity for future research on 
knowledge bases involving cross-sectoral and multidisciplinary actors 
targeting societal challenges. 
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